1. Introduction {#s0005}
===============

Nano based research is a promising area in biomedical approach especially in malignant therapy and diagnostics. Cancer is the second leading causes of death globally. The development of new drugs for cancer treatment still remains a great challenge to scientific community and pharmaceutical industries. Among women breast cancer is a rising problem today. The major risk factors for breast cancer include family history, reproductive functional changes, food and nutrition and hormonal changes ([@b9000]). To study the breast cancer cells and its vulnerability to apoptosis, MCF-7 cell lines are recommended ([@b0160]). Nanoparticles with the size range 100 nm are reported to be effective in biomedical applications ([@b0050], [@b0005]). Magnetic nanoparticles are reported to be used to treat patients with different cancer ([@b0125]). The major challenge to overpower breast cancer is the heterogeneity of breast cancer tissues and non-availability of right medicine ([@b0010]). This situation imposes an urgent need to develop an effective and less toxic cancer drug. The perusal of available report shows that the bioactive compounds from natural products can be used to develop lead compounds for several oncological problems ([@b0170]). In this aspect the present study is planned to synthesize silver nanoparticles using the bioactive compound isolated from a medicinal plant and to evaluate its efficacy to deal tumor cells and also to overcome oxidative stress in cells.

Further nanomaterial are reported as a good antibacterial agent like the standard antibiotics. [@b0235] reported nanomaterial to inhibit the growth of more than 600 micro pathogens. Magnetic nanoparticles prepared using silver, gold and platinum are also used in several medical applications ([@b0155], [@b0130]). Among the different NPs, the silver nanoparticles have gained more attention than others because of the presence of unique and alterable surface Plasmon resonance ([@b0245], [@b0135], [@b0140]). Silver has been reported to be an effective antimicrobial agent because of its less human toxicity and also its promising application in *in-vitro* and *in-vivo* intervention ([@b9010] [@b0265]). The silver ion and other silver modified inorganic materials are reported to inhibit the bacterial growth by interfering with the functioning of DNA ([@b0120]).

The AgNPs produced by chemical techniques may lead to the adsorption of chemicals with toxic nature and that may cause toxic problem. Hence, the green syntheses of NPs have become a major focus for researchers ([@b0105]). Nanoparticles can be synthesized at low cost by using the extracts from plants and products from microbes ([@b0025]). The potential of the green synthesized AgNPs depends on the solvent, reducing agent used and stability of AgNPs ([@b0205]).

Nature has devised ingenious and elegant way of developing efficient functional materials. The natural bioactive compounds like D-Glucose ([@b0220]), glucan, sodium para-hydroxy benzoate tetra hydrate ([@b0065]) and saponins ([@b0080]) were also used to synthesize AgNPs. The size of AgNPs help in easy bio absorption and the surface enhanced resonance properties of AgNPs enhances its application in different biomedical tools either as a single compound or in combination with other smart materials ([@b0215]). The shape, size, distribution and morphological features of NPs influence their applications in human health care system ([@b0020], [@b0005]).

[@b0190] reports that the antioxidant free radical scavenging activity seen in polyphenol and their ability to inhibit peroxidation along with the chelation of transition metals promotes its biomedical importance. The phenolic compounds also are reported to reduce lipid peroxidation and prevent oxidative damages in DNA by scavenging free oxygen radicals ([@b0035]). The antimicrobial activity of AgNPs has led to the growth of innovative benefits as an alternative to antibiotics ([@b0115]). The present study proposes a fast and low cost method of synthesis of green AgNPs using 4-N-methyl benzoic acid a phenolic derivative extracted from a medicinal plant. Hitherto there is no study on anti-proliferative, antioxidant and antibacterial activities of AgNPs synthesized using 4-N-methyl benzoic acid. With these objectives to find out a novel biomedical compound, the present study is designed.

2. Materials and methods {#s0010}
========================

2.1. Reagents {#s0015}
-------------

The experimental reagents were purchased from Sigma and the experiments were conducted in aseptic laboratory conditions.

2.2. Isolation of bioactive compound from *M. umbellatum (leaf)* {#s0020}
----------------------------------------------------------------

Column chromatography is a widely used technique in organic chemistry and plant biochemistry, to isolate and identify the bioactive compounds. Fourteen grams of methanolic extract of the leaves of *M. umbellatum* was loaded in to a silica gel for column chromatography separation and eluted with the solvents hexane, hexane in ethyl acetate, chloroform in methanol and methanol in different ratio. The obtained fractions were observed using TLC and the spots were visualized under UV--vis spectroscope in short and long wavelength (254 and 366 nm). Among the fractions, the active fraction (MUME 1) was separated and subjected to further analyses. MUME 1 was spotted on TLC plates, dried and the developed band was visualized under UV light. Rf value was calculated. Further, C Nuclear Magnetic Resonance (NMR) spectroscopy was carried out at 100 and 400 MHz-.

### 2.2.1. Synthesis AgNPs {#s0025}

Silver nitrate (AgNO~3~) (0.01 mM) was freshly prepared with milli Q water. Ten milligrams of bioactive compound was added to 10 mL of milli Q water and filtered using syringe filter (0.2 µm). Compound mixture of 3 mL was added with 97 mL of 0.01 mM of AgNO~3~ solution and kept at room temperature for few hours. Then it was centrifuged at 15,000 RPM for 30 min and the sediment was collected and it was again dispersed in DH~2~O, centrifuged and the process was continued three times to wash off any absorbed substances on the surface of AgNPs.

### 2.2.2. Characterization of AgNPs {#s0030}

Visual observation and optical density of AgNPs was measured at 200--800 nm using spectrophotometer (PerkinElmer-USA) and further characterization made as followed by ([@b0050], [@b0020]).

2.3. Antimicrobial analysis {#s0035}
---------------------------

*In vitro* antibacterial activity of the bio-inspired AgNPs was tested against G (+) and Gram (−) bacteria, *Bacillus subtilis* (ATCC 19659), *Acenetobacter baumannii* (ATCC 19606), *Salmonella paratyphi* (ATCC 9150) and *Staphylococcus aureus* (ATCC 25923).

### 2.3.1. Preparation of inoculum {#s0040}

The identified bacterial pathogens were cultured in nutrient agar for 24 hrs at 37 °C. Then the culture was inoculated in to nutrient broth and kept undisturbed at 4 °C. From the broth overnight grown cultures were taken out and the turbidity of the culture was made equivalent to 0.5 McFarland standards. About 0.2 mL of cultured microbes were taken into 20 mL sterile nutrient broth at 10^5^--10^7^ CFU/mL an optical density of 0.1 at 600 nm

MHA media was poured into a Petridish, and 0.1 mL of active growth bacterial culture was taken in and it was spread over the solidified media uniformly. Eight mm diameter well was made and each well was filled with different doses (10, 25, 50 and 100 µg/mL) of samples ([@b0240], [@b0110]).

2.4. Antioxidant measurement {#s0045}
----------------------------

### 2.4.1. Free radical scavenging assay using DPPH {#s0050}

The free radical scavenging ability of AgNPs was assayed according to [@b0100]). In this study 0.1 mM solution of DPPH was prepared using methanol and the absorbance of DPPH was measured at 517 nm. About 100 μL aqueous solution were poured to 3 mL of DPPH mixtures. After 30 min of incubation, the discoloration of purple color was measured at 517 nm. Methanol served as blank whereas DPPH in methanol with standard served as positive control and the free radical scavenging percentage was calculated as follows:$$\mathit{FRSA}\mspace{900mu}\% = \frac{\mathit{Ac} - As}{\mathit{Ac}} \times 100$$

### 2.4.2. Superoxide radical scavenging assay {#s0055}

The effect of synthesized AgNPs on superoxide radical scavenging was measured using spectrophotometer ([@b0095]).$$\mathit{Superoxide}\mspace{900mu} scavenging\mspace{900mu}{(\%)} = \frac{A0 - A1}{A1}{\times 100)}$$

2.5. Metal chelating effect of AgNPs {#s0060}
------------------------------------

The chelation of ferrous ions by AgNPs was determined by ferrous ion chelation method ([@b0060]).$$\mathit{Metal}\mspace{900mu} chelation\mspace{900mu}\% = \frac{A0 - A1}{A1} \times 100$$

2.6. In vitro anti-proliferative activity of AgNPs {#s0065}
--------------------------------------------------

AgNPs induced anti-proliferation of tumor cell line was measured by MTT assay ([@b0180]). Cell death ratio was calculated using the formula given below$$\mathit{Cell}\mspace{900mu} death\mspace{900mu}\left( \% \right) = \frac{A\mspace{900mu} control - A\mspace{900mu} treated}{A\mspace{900mu} control} \times 100$$

### 2.6.1. Determination of apoptotic cell death using AO/EB staining {#s0070}

The morphological changes in cancer cells treated with AgNPs were observed ([@b0180], [@b0020]). Overnight culture of MCF-7 cells (3 × 106) were used to measure the apoptotic activity of AgNPs (10, 25 and 50 µg/mL) and incubated for 24 h at 37 °C.

3. Results and discussion {#s0075}
=========================

The leaf sample loaded to silica column was first eluted using absolute hexane. The mobile phase was gradually co-mixed with hexane in ethyl acetate, followed by chloroform in methanol and conclusively eluted with absolute methanol. The amassed fractions were concentrated using rotary evaporator and visualized under TLC to spot the presence of active compounds. The Rf value was calculated. In the mobile phase, the solvent ratio of hexane and methanol (9.0:1.0 mL) showed a single band with Rf value 0.68 ([Fig. 1](#f0005){ref-type="fig"}a) and it was named as MUME 1. It was further characterized using 13C NMR spectroscopy. The results showed eight carbon atoms with four carbon signals for two methine *δ*114.1 (2C-3, 5) and *δ*123.1 (2C, C-2, 6). The aromatic quaternary carbon signal showed resonances at *δ*137.6 (C-1) and *δ*150.1 (C-4). The downfield signed at *δ*169.8 was assigned to the acid carbonyl carbon. The signal at *δ*34.48 was assigned to N-methyl carbon ([Fig. 1](#f0005){ref-type="fig"}b). Based on the spectral analyses, molecular structure of the bioactive compound was identified as a phenolic derivative, 4-N-methyl benzoic acid with an empirical formula C**8**H**9**NO**2**. To prepare AgNPs 3 mL of freshly prepared bioactive compound solution was mixed with 97 mL of AgNO**~3~** (0.01 mM) solution. In this study, Ag+ ions were converted into silver oxide within 3 min of reaction time at ambient temperature. This prepared AgNPs exhibited a minimum UV--vis absorption within the range 410--430 nm ([Fig. 1](#f0005){ref-type="fig"}c). When the bioactive compound was added into silver nitrate solution, the surface Plasmon peak dominates and becomes broadened and it altered the electron density. As phenolic compounds possess hydroxyl and carboxyl groups, it easily binds to the metals as reported ([@b0055], [@b0230]). AgNPs exhibited an absorption peak at 420 nm, as reported earlier ([@b0220]).Fig. 1(a) Thin layer chromatography of bioactive compound (MUME 1); (b) 13C NMR spectrum of bioactive compound; (c) UV--vis spectra of Silver nanoparticles at various time intervals.

FTIR spectrum of AgNPs was observed based on the peak at 3427, 2729, 2393, 2061, 1762 and 1388 cm^−1^ ([Fig. 2](#f0010){ref-type="fig"}). The observed peak around 3427, 2729, 2393 cm^−1^ notifies carboxylic group of O---H stretching vibration of NPs. The 2393 cm^−1^ is C tribble band C stretching vibration of nanoparticles. In the compound the presence of aldehyde (1762 cm^−1^) was reported. The silver ions join with biomolecules containing carboxyl and hydroxyl groups in acidic condition. Further the aldehydes and ketone present in the molecules reduce silver ions into silver nanoparticles and get oxidized (1762, 1388 cm^−1^). The carboxyl and hydroxyl ions in the biomolecules develop a protective layer on the surface of AgNPs. This protective layer helps to develop stability ([@b0165]). The present result indicate that the amides, phenols, carboxyl and amine group residues are also involved in AgNPs synthesis.Fig. 2FT-IR spectrum of Ag NPs.

The formed AgNPs are crystalline as per XRD report ([Fig. 3](#f0015){ref-type="fig"}). The XRD pattern was exhibited four peaks at 2θ ranges of 38.28°, 46.66°, 63.26° and 77.33° can be labeled to the 111, 200, 220 and 311. The results obtained was associated by the data base JCPDS no 4-0783. The XRD patterns displayed were consistent with the earlier reports ([@b0195]).Fig. 3XRD patterns of green synthesized Ag NPs.

The morphology and structure of the prepared AgNPs was observed using FESEM ([Fig. 4](#f0020){ref-type="fig"}a), which showed that the formed AgNPs were in the range 7--23 nm in size and average size is 15 nm. The Energy Dispersive X-ray analysis (EDX) revealed a strong signal in the silver zone confirmed the AgNPs presence ([Fig. 4](#f0020){ref-type="fig"}b). Similar result was reported earlier ([@b0090], [@b0135], [@b0140]). To confirm the average, further analysis was made using Electron Microscope.Fig. 4(a) Morphological and Elemental composition analysis of AgNPs by FESEM (b) Energy Dispersive X-ray analysis of AgNPs.

HRTEM micrograph of the synthesized AgNPs was observed magnification at 10 nm scales as shown in [Fig. 5](#f0025){ref-type="fig"}a. The formation of silver atoms in the fabricated nanoparticles was confirmed by SAED analysis in [Fig. 5](#f0025){ref-type="fig"}b. Results showed that; AgNPs were poly-dispersed in nature, spherical in shape with particles size ranges between 7 and 22 nm. It is reported that AgNPs in the size range 1--10 nm can easily attach to the surface of cell membrane. This potentiality of AgNPs interfere with cell respiration and its permeability ([@b0225], [@b0135], [@b0140]). [@b0145] reported that NPs with 7 nm size was also synthesized using sodium borohydride (NaBH4), but in the present study AgNPs with similar size was prepared using green synthesis method and this bio inspired NPs are more safer than that prepared by chemical methods.Fig. 5(a) HR-TEM analysis of Ag NPs; (b) SAED analysis of Ag NPs.

The anti-bacterial activity of AgNPs was studied using well diffusion method ([Fig. 6](#f0030){ref-type="fig"}). All the concentrations displayed a measurable size of zone of inhibition. The maximum activity was found for *A. baumannii* (31 mm) and S. aureus (26) and minimum activity was seen against *S. paratyphi* (21 mm) and *Bacillus subtilis* (19 mm). The results showed that, AgNPs exhibited a broad spectral antibiotic activity against G^+^ and G^−^ bacteria. Amongst all the pathogens tested, *Acinetobacter baumannii* was found to be the most sensitive to various concentrations of AgNPs. The mechanism of action of AgNPs on bacterial cells involve multiple targets. Nanoparticles combined with drugs can be easily suspended in liquids and thereby they can easily penetrate into tissue and deep organ easily and also show an extended half-life like any potential drug ([@b0210]). In earlier reports, the nanoparticles combined with antibiotics showed synergistic anti-bacterial activity against microorganisms, particularly *P. aeruginosa, E. coli* and *A. baumannii* ([@b0085]). The AgNPs are reported to interfere with the permeability mechanism in the membrane of bacterial cells ([@b0150]) and inactivate the proteins thus interfacing with the replication of DNA ([@b0040]). Smaller sized nanoparticles have huge impact because of its improved biocompatibility ([@b0070], [@b0050], [@b0020] [@b0005]). The AgNPs synthesized in the present study from a phenolic derivative, 4-N-methyl benzoic acid (a potential nontoxic reducing agent) can be used for many biomedical applications.Fig. 6In vitro antibacterial activity of Ag NPs on human pathogenic bacteria.

The scavenging efficacy of AgNPs is represented in ([Fig. 7](#f0035){ref-type="fig"}). The present study shows that AgNPs was effective against DPPH radical scavenging (81.57%) with EC~50~ range of 53.46 µg/mL and BHT showed 85.39% with EC~50~ range of 37.92 µg/mL. The study showed that synthesized AgNPs exhibited better results compared to previous reports ([@b0240]), It might be due to the phenolic nature. Phenolic complexes are always associated with antioxidant mechanisms, which will donate hydrogen ion or an electron to stabilize and to scavenge the free radicals ([@b0015]). Most of the bioactive compounds from plants are multifunctional; hence it is necessary to invoke more than one antioxidant activities ([@b0260]). AgNPs showed maximum scavenging of superoxide radicals ([Fig. 7](#f0035){ref-type="fig"}) with an EC~50~ value of 66.68 μg/mL (74.76%), while the standard showed an EC~50~ value of 53.39 μg/mL (80.71%). [@b0200], have reported that 52% superoxide radical scavenging activity was observed for AgNPs whereas, the AuNPs exhibited 47% only. The results concluded that AgNPs exhibited an impressive antioxidant activity when compared to other metal nanoparticles. The ferrous ion chelation of AgNPs was determined by measuring the iron-ferrozine complex. It exhibited better results from at 10--100 μg/mL, ranged from 21.90 to 82.49% with EC~50~ value of 50.37 μg/mL while, BHT showed 30.45--90.31% with EC~50~ value of 44.10 μg/mL ([Fig. 7](#f0035){ref-type="fig"}). The metal chelating activity was high when the concentration of AgNPs increased ([@b0045]). Metal chelating ability in the AgNPs further helps to reduce the concentration of catalyzing reaction in the transition metals present in lipid peroxides ([@b0185]). The *in-vitro* antioxidant assays, indicated that AgNPs exhibited a dose dependent radical scavenging activity.Fig. 7In vitro antioxidant activity of Ag NPs including DPPH free radical scavenging assay Superoxide radical scavenging assay and Ferrous ion chelation effect.

Anti-proliferative effect was investigated by incubating human breast cancer cell lines (MCF-7) (10, 25 and50 µg/mL). AgNPs exhibited maximum cytotoxicity on breast cancer cell with an IC~50~ value of 42.19 µg/mL along with cell shrinkage, blebbing and restricted cell spreading patterns compared to control cells ([Fig. 8](#f0040){ref-type="fig"}). The nuclei of control cells did not show any apparent morphological changes. However, AgNPs treated cells showed chromatin condensation followed by formation of apoptotic bodies that, AgNPs showed as orange-stained nuclei with fragmentation ([Fig. 9](#f0045){ref-type="fig"}). Earlier studies ([@b0255], [@b0075], [@b0250], [@b0005]), have reported that, AgNPs is a good anticancer agent, on MCF-7 cells with an IC~50~ value of 50 µg/mL for 24 h incubation.Fig. 8Antiproliferative activity of Ag NPs on MCF-7 cell lines.Fig. 9Fluorescence-microscopic images of Ag NPs treated MCF-7 cell lines.

4. Conclusions {#s0080}
==============

The medicinal plant Memecylon *umbellatum* derived 4-N-methyl-benzoic acid is an efficient bioactive compound to fabricate silver nanoparticles and it possesses greater anti-bacterial effect for tested all pathogenic microorganisms. Besides, AgNPs displayed a good free-radical scavenging properties. The AgNPs also showed a good cytotoxicity on breast cancer cell lines (MCF-7). The study confirmed that the carboxyl and hydroxyl groups of 4-N- methyl benzoic acid played a significant role in the synthesis of AgNPs, The duration of the synthesis of AgNPs is quite fast in this method when compared with other plant extracts. Hence, the present study paved a way for an new approach towards the synthesis of AgNPs using natural products and these NPs can be used in various biomedical applications.
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